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Abstract
Objective—Worldwide, alcohol is the most commonly used psychoactive substance. However,
heterogeneity among alcohol users has been widely recognized. This paper presents a typology of
alcohol users based on an implementation of idiographic methodology to examine longitudinal
daily and cyclic (weekly) patterns of alcohol use at the individual level.
Method—A secondary data analysis was performed on the pre-intervention data from a large
randomized control trial. A time series analysis was performed at the individual level, and a
dynamic cluster analysis was employed to identify homogenous longitudinal patterns of drinking
behavior at the group level. The analysis employed 180 daily observations of alcohol use in a
sample of 177 alcohol users.
Results—The first order autocorrelations ranged from −.76 to .72, and seventh order
autocorrelations ranged from −.27 to .79. Eight distinct profiles of alcohol users were identified,
each characterized by a unique configuration of first and seventh autoregressive terms and
longitudinal trajectories of alcohol use. External validity of the profiles confirmed the theoretical
relevance of different patterns of alcohol use. Significant differences among the eight subtypes
were found on gender, marital status, frequency of drug use, lifetime alcohol dependence, family
history of alcohol use and the Short Index of Problems.
Conclusions—Our findings demonstrate that individuals can have very different temporal
patterns of drinking behavior. The daily and cyclic patterns of alcohol use may be important for
designing tailored interventions for problem drinkers.
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Worldwide, alcohol is the most commonly used psychoactive substance. It has the highest
rates of dependence or abuse as a primary substance and the highest rate of treatment
admissions for dependency or abuse (SAMHSA, 2009). Heavy drinking has been found to
predict alcohol related problems, such as increased risk for injury, increased risk for alcohol
impaired driving and poorer psychosocial and health outcomes (Brewer & Swahn, 2005;
Quinlan et al., 2005; Marczinski, Combs, & Fillmore, 2007; Standerwick, Davies, Tucker, &
Sheron, 2007). In addition, heavy alcohol use is associated with higher rates of illicit drug
use, with 29% of heavy alcohol users also using illicit drugs (SAMHSA, 2009). Heavy
drinking is a public health problem and requires a systematic approach to advance
understanding of the dynamics and the processes of behavior among the substance users,
particularly when high diversification of this population is an obstacle to the integration of
research findings on alcohol use.
Heterogeneity among alcohol users has been widely recognized and addressed by
researchers and clinicians for many years. To date, efforts to identify homogenous
subpopulations of alcohol users have been primarily based on quantity and frequency of
alcohol use, age, comorbidities, and family history of substance use and other psychosocial
variables (Babor et al., 1992; Basu, Ball, Feinn, Gelernter, & Kranzler, 2004; Moss, Chen, &
Yi, 2007), resulting in multiple typologies that have had limited ability to account for high
variability among the alcohol users. Most substance use research has focused primarily on
cross-sectional data. The relationship between quantity and frequency of alcohol use and
alcohol related problems are well established, but there is a limited understanding about how
they affect specific symptoms of alcohol abuse and dependence. In particular, there has been
limited attention directed towards longitudinal patterns of drinking behavior and their
influence on severity of alcohol use. These patterns are relatively stable in daily and cyclical
fluctuations of drinking behavior for extended periods of time (Mundt, Searles, Perrine, &
Helzer, 1995).
Longitudinal Patterns of Alcohol Use
Several recent studies based on college student populations have emphasized the need to
examine the fluctuations in the quantity and frequency of alcohol use over time in relation to
the academic calendar (Del Boca, Darkes, Greenbaum, & Goldman, 2004; Dierker et al.,
2008; Goldman, Greenbaum, Darkes, Obremski-Brandon, & Del Boca, 2011). These studies
have focused on young adults and their longitudinal trajectories of alcohol use based on
group-level data. An exception is the work of Dierker et al (2008), who utilized daily data
and examined behavioral patterns for each study participant separately.
Mundt et al. (1995) was one of the first to focus on developing a typology based on
differences in the daily and cyclic patterns of alcohol use between dependent and non-
dependent individuals. Fluctuations in daily drinking behaviors were utilized to characterize
different subtypes of alcohol users. To our knowledge, this is the first study of alcohol use
implementing idiographic methodology. The findings reveal the significant differences in
temporal drinking patterns between dependent and non-dependent alcohol users, who were
otherwise similar on the measure of quantity and frequency of alcohol use. This study
demonstrates that these traditional measures are insensitive and unable to account for high
variability among alcohol users.
The recent study by Hoeppner et al (2012) was the closest to the current study in approach,
using time series analysis and cluster analysis to develop a typology of drinking patterns
among college students. The study identified five distinct patterns: a) Low-Weekend, b)
Low-Latent, c) Medium-Weekend, d) Medium-Thursday, and e) High. (The results of the
individual time series analysis were not presented.) For all patterns, the level of consumption
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for Sunday to Wednesday was relatively low, and the highest drinking took place on Friday
and Saturday with two groups also being high on Thursdays. The drinking patterns were
consistent across the whole year.
Nomothetic and Idiographic research methodology
There are two different general approaches to research: nomothetic and idiographic.
Nomothetic methods are based on inter-individual variation, focus on mean differences
between groups and have been the dominant approach in the behavioral sciences for the last
fifty years. Idiographic methods are based on intra-individual variation, focus on the pattern
of change over time, and are employed extensively in disciplines like economics, business,
and electrical engineering. Group-level nomothetic methods typically require data collection
on a very limited number of occasions from a large number of individuals. Random
sampling can provide a basis for the generalization of the findings to the population level.
Idiographic methods involve intensive longitudinal data, often on a single individual.
Idiographic methods can provide unique information about the pattern of change over time.
Repeated assessments on an individual cannot be assumed to be independent so idiographic
methods typically assess the autocorrelation between the observations. Information from
autocorrelation patterns can be employed to make inferences about possible generating
functions for the variable of interest. Nomothetic models have a limited ability to capture the
heterogeneity of the population and lack the sensitivity to account for extreme forms of
heterogeneity, which are common in populations of substance users (Molenaar, 2004).
Nomothetic and idiographic methods will not necessarily provide the same answer to a
research question. For the two approaches to produce equivalent results, the assumptions of
the classical Ergodic Theorem must be met: 1) homogeneity of the population and 2)
stationarity of the data across time (constant mean and variance). Only under these two
conditions can results obtained from the group-level data be applied to individual subjects.
A significant consideration should be given to the assumptions underlying the ergodic
theorem in addiction research methodology, because it is largely based on population-level
data, but it mainly describes person-specific processes (Molenaar, 2004; Molenaar &
Campbell, 2009). Group level methodology emphasizes central tendencies of the population
and consequently obscures natural patterns of behavior change, their multidimensionality
and unique variability within each individual. This one-size-fits-all approach of nomothetic
methods leads to limited understanding of the individual-level patterns of behavior change
and consequently limits treatment effectiveness.
Idiographic research examines individual-level data with a large number of observations
from a single subject, collected at equal intervals and over an extended period of time. This
method of data collection allows for highly accurate estimates of within-subject variability
and longitudinal trajectories of behavior, which consequently yields more accurate
inferences about the nature of such behavior specific to an individual (Velicer, 2010). The
limitation of this design is a restricted generalizability of the findings to the population level.
Findings on substance use behavior derived from group level designs and single subject
level designs are not interchangeable unless conditions of ergodic theorem are met, which is
unlikely in addiction research or any other area of social science (Moleenar, 2004; Molenaar
& Campbell, 2009; Velicer, 2010; Velicer, & Molenaar, 2013; Velicer, Babbin, & Palumbo,
in press; Velicer, Palumbo, & Babbin, in press). Each of these two methods aims to answer
different research questions. Nomothetic research is focused on group-level relations and
inter-subject variability, and its findings are generalizable to a population level data but
cannot be used to make inferences on a single - subject level. On the other hand, idiographic
research is able to characterize highly heterogeneous processes, which are common in
substance use behaviors.
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In order to overcome the challenges of nomothetic and idiographic research and integrate the
advantages of both methods to further advance understanding of the dynamics of substance
use behavior, a new methodological and statistical approach will be employed. This involves
a two-step process. First, an idiographic analysis (time series analysis) is performed on each
individual’s longitudinal profile. Then, a cluster analysis of the longitudinal profiles
(dynamic typology) is performed to group the profiles into homogeneous subgroups or
dynatypes. The separate dynatypes will each satisfy the ergodic theorems. This approach can
address the challenges of a highly heterogeneous population, investigate the pattern of
change over time, provide information about the autocorrelation function, and allow for
inferences from individual to subgroup level.
Relating Autocorrelation Patterns to Alcohol Regulation
The autocorrelation observed in a time series analysis can provide critical information about
the alcohol regulation model that is a basis for the observed pattern of alcohol consumption.
To illustrate this, we will briefly describe the results of a study (Velicer et al., 1992)
designed to determine which of three models of nicotine regulation best represented
different smokers. Three alternative models have been proposed to account for nicotine’s
effectiveness in maintaining smoking: (a) the fixed-effect model, (b) the nicotine regulation
model, and (c) the multiple regulation model. Leventhal and Cleary (1980) provide a review
of the literature and a description of each of the three models. Velicer et al. (1992) identified
each of the three models with one of three broad classes of time series models: (1) a positive
dependency (autocorrelation r1 > 0) model, (2) a white noise model (no dependency;
autocorrelation r1 = 0), and (3) a negative dependency (autocorrelation r1 < 0) model.
The Fixed Effect Model assumes that smoking is reinforced because nicotine stimulates
specific reward-inducing centers of the nervous system. These have been identified as either
autonomic arousal or a feeling of mental alertness and relaxation or both. Following this
model, an increase on one occasion should be followed by an increase on the next occasion
or a decrease on one occasion should be followed by decreased consumption on a
subsequent occasion if the same level of arousal is to be maintained. In time series model
terms, this would result in an autocorrelation r1 > 0.
The Set Point Model (or Regulation Model) assumes that smoking serves to regulate or
titrate the smoker’s level of nicotine. Departures from the optimal level (the set point) will
stimulate an increase or decrease in smoking to return to this optimal nicotine level. Jarvik
(1973) presents a review of a large body of evidence that supports this model (also see
Schachter, 1977; Russell, 1977). The model suggests that any increase or decrease in
smoking caused by events in a person’s environment should be temporary. The person
should immediately return to their personal “set point” when the environment permits. In
this model, only the set point or level is under biological control. All other variations are due
to the environment. This would result in a white noise model with an autocorrelation r1 = 0.
The Multiple Regulation Model represents a more complex model designed to describe how
the nicotine set point develops and how deviations from the set point generate a craving for
cigarettes. Leventhal and Cleary (1980) summarize some of the evidence that is not
adequately account for by the nicotine regulation model and suggests the multiple regulation
model as an alternative. This model assumes that the smoker is regulating emotional states.
Drops in nicotine level stimulate craving. Craving is linked to nicotine level by the
opponent-process theory (Solomon, 1980; Solomon & Corbit, 1973, 1974) which posits that
nicotine gives rise to an initial positive affect reaction which is automatically followed by a
slave opponent negative affect reaction. External stimulus provides an alternative source for
craving. The theory would predict that an increase (or decrease) in smoking rate caused by
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events in a person’s environment should be followed by an opposite decrease (or increase)
in smoking rate. This would result in an autocorrelation r1 < 0.
The Velicer et al (1992) study employed 10 smokers (4 male and 6 female), from whom
measures were collected twice daily for two months (62 days) for a maximum total of 124
observations. The number of cigarettes, as recorded by the subjects, was the primary
outcome variable. Seven of the subjects were described by an autocorrelation r1 < 0,
consistent with the multiple regulation model. Three of the subjects had an autocorrelation r1
approximately = 0 consistent with a nicotine regulation model. The results suggest that
different smokers may have different generating functions. This would also represent a
violation of the Ergodic Theorem. The extent that these models translate into the alcohol
area is unknown.
Study aims
In the current study, we propose a new typology of alcohol users based on the unique
implementation of nomothetic and idiographic methodology to address the limitations and
advantages of both approaches and to thoroughly examine longitudinal patterns of alcohol
use at the individual and population level. Through this innovative methodological
approach, we will attempt to identify distinctly different subpopulations of alcohol users.
We will perform the analysis in four phases. First, we perform time series analysis based on
daily alcohol use data for each individual. Second, we will evaluate the autoregressive
pattern to determine if distinct subgroups exist. Third, we will assess if these subgroups can
be further subdivided through a dynamic cluster analysis of the longitudinal patterns of
drinking within the autoregressive subgroups. In the last step, we perform external validity
analysis of the identified typology of alcohol users to verify the theoretical and clinical
relevance of such subgroups.
Method
Participants
This is a secondary data analysis, based on baseline, pre-intervention data of a large
randomized clinical trial. The primary study took place in an ambulatory patient center and
an outpatient psychiatric clinic at an academic hospital, as well as in private practice offices
in the community. A total of 200 patients were eligible and were recruited to participate. The
research study was examining the effects of one session of Motivational Interviewing (MI)
on alcohol use among patients diagnosed with Major Depressive Disorder (MDD). Patients
were eligible for the primary study if they were 18 years of age or older, met current DSM-
IV criteria for MDD assessed by the Structured Clinical Interview for DSM-IV-Patient
Version (SCID-P), and reported at-risk drinking defined as: (a) > 14 drinks per week for
males and > 7 drinks per week for females and/or (b) ≥ 5 drinks on one occasion for males
and ≥ 4 drinks on one occasion for females in the month prior to recruitment. Subjects were
excluded if, as assessed by the SCID-P, they met current criteria for alcohol or drug
dependence (excluding nicotine), met current criteria for a psychotic disorder, were unable
to provide the name and contact information for a significant other who could corroborate
their self-reported alcohol and drug use, or were unable to provide names and contact
information for two people who could serve as locators. Table 1 provides demographic and
baseline outcome data for both groups and the total sample.
Measures
Alcohol Timeline Followback—The Alcohol Timeline Followback (TLFB) measure is a
calendar assisted structured interview, which provides a way to cue memory so that accurate
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recall of daily drinking is enhanced. This assessment method has been shown to have good
psychometric proprieties, with high validity and reliability (Sobell & Sobell, 1996).
Structured Clinical Interview for DSM-IV-Patient Version—Structured Clinical
Interview for DSM-IV-Patient Version (SCID-P) is a reliable, interviewer administered
instrument to determine lifetime and current prevalence of psychiatric and substance use
disorders (First, Spitzer, Gibbon, & Williams, 1997).
Hamilton Rating Scale for Depression—The Hamilton Rating Scale for Depression
(HAM) is an interviewer administered instrument for evaluating depressive symptoms. It
consists of 17 items referring to specific symptoms of depressive disorder. This measure has
been established as a reliable and valid measure for assessing depression severity.
Coefficient Alpha was .81 (N = 177) in this sample. Miller, Bishop, Norman, and Maddever
(1985) reported an interclass correlation coefficient of .93.
Short Index of Problems—The Short Index of Problems (SIP) was developed and
adapted from the Drinkers Inventory of Consequences (DrInC). It consists of 15 items
examining frequency of alcohol related problems (0 = Never to 3 = Daily/Almost Daily).
Coefficient Alpha was .89 (N = 177) in this sample. It has an interclass correlation of .89
(Miller, Tonigan, & Longabaugh, 1995).
Family Tree Questionnaire—The Family Tree Questionnaire is a self-report instrument
used to examine occurrence of drinking problems among family members. It provides a
family tree diagram of first and second degree relatives with a description of severity of
drinking problems ranging from “Never Drank” to “Definite Problem Drinker” for someone
who is known to have received treatment for an alcohol use disorder or to have experienced
significant negative consequences of their drinking. Kappa test-retest reliability for first
degree relatives and second degree relatives is .86 and .65, respectively (Vogel-Sprott,
Chipperfield, & Hart, 1985).
Treatment Services Review—The Treatment Services Review (TSR) is an interviewer
administered instrument that reports on number and types of treatment services utilized by
substance abuse patients. It addresses seven different types of services relevant to substance
abuse: medical, employment, alcohol and drug use, legal, family, and psychiatric. The
percentage of exact agreement over a one day test-retest interval is 88% (McLellan,
Alterman, Cacciola, Metzger, & O’Brien, 1992).
Readiness to Change Questionnaire—The Readiness to Change Questionnaire (RCQ)
consists of three subscales based on the Transtheoretical Model of stages of change:
Precontemplation, Contemplation and Action. Each subscale consists of four items with
response categories ranging from −2 (Strongly Disagree) to 2 (Strongly Agree). Coefficient
Alpha was .71 for the Precontemplation subscale, .78 for Contemplation, and .85 for Action
(N = 177) in this sample.
Analyses
Analyses were performed in four steps. First, we performed a time series analysis to
examine daily and cyclical patterns of alcohol use. Second, we performed a cluster analysis
based on autocorrelation terms to establish homogenous subgroups. Third, a dynamic cluster
analysis was performed within each autocorrelation cluster to examine longitudinal
trajectories of alcohol use. In the final step, we performed an analysis of variance using
external measures to validate established clusters. Statistical analyses were performed using
SAS version 9.2.
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Results
Time series analysis
Observations of alcohol use over 180 days were analyzed separately for each participant
using time series analysis. To reflect weekly cycles, common in alcohol use behavior
(Mundt et al., 1995; Dierker et al., 2008), an ARIMA (7, 0, 0) model was implemented to
account for autocorrelations from lag 1(correlation between the day before and current
observation) to lag 7 (correlation between 7 days prior and current observation). In addition
to autoregressive terms, a linear trend parameter was estimated to examine changes in
amount of alcohol use over the 6 month time period. Time series analysis also provides
mean and error variance parameters that present variability in alcohol use within each
individual. Autoregressive terms, slope and error variance, illustrate a dynamic nature of
each person’s pattern of drinking.
Time series analysis was performed for 177 individuals. Participants who reported low
frequency of alcohol use (1 day of alcohol use in 6 month time period), uncommon patterns
of alcohol use (outliers) or extended period of time in controlled environment (over 10 days)
were excluded from the analysis.
More than a half of the participants (53.11%) had a significant first order autoregressive
term and a seventh order autoregressive term (58.76%). Fewer participants had a significant
second order autoregressive term (41.81%), and 3rd to 6th order autoregressive terms were
significant for less than 30% of participants. Linear trends were significant for only 37
participants (20.90%), indicating changes in trajectories of alcohol use over the 6 month
time period. Twenty participants had a significant increase, and 17 participants had a
significant decrease in alcohol use. The first and seventh order autoregressive term was
positive for more than half of the participants, 51.41% and 76.84% respectively. Fewer
second and sixth order autoregressive terms were positive, 34.46% and 42.37% respectively,
and 3rd to 5th order autoregressive terms were positive for less than 26% of the participants.
Detailed results of the time series analysis are presented in Table 2.
Cluster analysis
To account for the multidimensionality of alcohol use patterns, a two - step approach was
applied to determine the typology of alcohol users. The first step was performed on
autoregressive terms identified by time series analysis. Previous studies combining time
series analysis and dynamic clustering (Aloia, et al., 2008; Babbin, et al., 2012; Hoeppner, et
al, 2008; Hoeppner, et al., 2012) did not have many large differences in the autocorrelation
patterns so this step was skipped. Cluster analysis based on the first and seventh
autoregressive terms was performed using a squared Euclidean distance measure and
agglomerative hierarchical clustering method with Ward’s algorithm. These methods have
been most frequently used in social sciences and have been proven in simulation studies to
perform well and provide the best cluster recovery (Milligan, 1980; Milligan & Cooper,
1987; Velicer et al., 2007). To determine the number of cluster solutions, the cubic
clustering criterion, pseudo F test and pseudo t2 test were used in conjunction with the
review of dendograms (Aldenderfer & Blashfield, 1984; Milligan & Cooper, 1985; Velicer
et al., 2007). Next, visual analysis of the profiles was conducted based on two autoregressive
terms and their elevation (mean), scatter (standard deviation) and shape (combination of
scores across the variables) (Cronbach & Gleser, 1953), along with theoretical
considerations. Based on the above analysis, four clusters of alcohol users were identified,
each with distinct pattern of first and seventh order autoregressive terms.
In the second step, we further examined the four clusters based on longitudinal trajectories
of alcohol use. Within each already identified subgroup, a dynamic cluster analysis was
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performed based on quantity and frequency of alcohol use over180 days. Clusters based on
longitudinal data are called dynatypes (Velicer & Rossi, 1986; Norman, et al., 1998;
Hoeppner, et al., 2008). We repeated a series of consecutive steps, as described above, to
determine the best fitting cluster solution. Eight dynatypes of alcohol users were identified,
two within each of the four clusters established based on autoregressive terms. Each
profile’s characteristics based on autoregressive terms and quantity and frequency of alcohol
use are presented in Table 3. Cluster profiles are typically interpreted with respect to level
(mean), scatter (variance), and shape. The prime characteristic that differentiated between
the two clusters within the initial four clusters was level. To some extent, shape is also
related to the cyclic nature of the data.
Interpreting the Eight Clusters
The process of labeling and interpretation of the dynatypes is based on the two
autoregressive terms and the quantity and frequency of alcohol use. The profiles identified
by the eight- dynamic cluster solution were named as follows:
Dynatype 1 (N = 19) was labeled Set Point and Highly Cyclic with Moderate
Consumption. This profile of alcohol users characterizes individuals who reported
drinking on average 3 to 4 drinks per occasion, two to three times a week, with strong
weekly cyclical pattern. This dynatype is predominantly characterized by unmarried
women, with the highest rate of personality disorder relative to other dynatypes
(52.63%), the lowest number of alcohol related problems, and the lowest rate of drug
use (36.84%). Participants identified by this dynatype are the least likely to seek alcohol
related treatment services (5.26%) in comparison to other participants. See Figure 1 for
an example.
Dynatype 2 (N = 20) was labeled Set Point and Highly Cyclical with High
Consumption; this profile of alcohol users characterizes individuals who reported
drinking on average 7 drinks per occasion four times a week, with a strong weekly
cyclical pattern, who are not married, mostly men (70.00%), older relative to other
groups, and of non-Hispanic ethnicity. Half of the participants identified by this
dynatype reported drug use, 65% reported lifetime alcohol dependence, and 45% are in
the Contemplation stage of readiness to change alcohol use. See Figure 2 for an
example.
Dynatype 3 (N = 39) was labeled Set Point with Low Consumption; this profile is the
most prevalent group and characterizes alcohol users who reported drinking on average
4 to 5 drinks per occasion, once to twice a week, with no distinct daily or cyclical
pattern of alcohol use. Over 50% of individuals identified by this profile reported
having a father who was a problem drinker. See Figure 3 for an example.
Dynatype 4 (N = 15) was labeled Multiple Regulation with High Consumption; this
profile characterizes individuals who reported drinking on average 9 to 10 drinks per
occasion, three to four times a week with a distinct daily pattern of use indicative of a
decrease in alcohol consumption below average daily levels after a heavy drinking
episode. Participants identified by this profile are not married, reported the highest rate
of unemployment in comparison to other groups, the highest frequency of drug use
days, with over 50 % of participants reporting drug use in the prior 6 month time period.
More than 70 % of participants characterized by this profile reported lifetime alcohol
dependency, as well as highest number of alcohol related problems and high frequency
of attendance to alcohol related treatment services, and over 90% of individuals
identified by this profile placed themselves either in the Contemplation or the Action
stage of readiness to change alcohol use. See Figure 4 for an example.
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Dynatype 5 (N = 28) was labeled Fixed Effect with Moderate Consumption; this profile
of alcohol users characterizes individuals who reported drinking on average 4 to 5
drinks per occasion once to twice a week, with moderate to strong daily pattern of use
indicative of increase of alcohol use above average after a day of alcohol use.
Participants identified by this profile are mostly women (78.57%), and over 42% are
placed in the Precontemplation stage of readiness to change alcohol use. See Figure 5
for an example.
Dynatype 6 (N = 14) was labeled Fixed Effect with High Consumption; this group of
alcohol users is characterized by individuals who reported drinking on average 5 to 6
drinks per occasion, three to four times per week, with moderate to strong daily pattern
of use indicative of increase of alcohol use above average after a day of alcohol use.
This profile characterizes individuals who have, relative to other profiles, the lowest
rate of personality disorders, a high rate of lifetime alcohol dependence (64.29%), the
highest frequency of attendance to alcohol related treatment services (57.14%) and the
highest rate (50.00%) of the Action stage of readiness to change alcohol use. See Figure
6 for an example.
Dynatype 7 (N = 25) was labeled Set Point and Moderately Cyclic with Moderate
Consumption; this group of alcohol users is characterized by individuals who reported
drinking an average of 3 to 4 drinks per occasion twice a week, with moderate weekly
cyclical pattern of alcohol use. This is the youngest group of alcohol users among all the
profiles, mostly White (72.00%), with over 60% reporting at least some college level
education. See Figure 7 for an example.
Dynatype 8 (N = 17) was labeled Set Point and Cyclic with High Consumption; this
group is characterized by individuals who reported drinking on average 6 to 7 drinks per
occasion, four times per week, with moderate weekly cyclical pattern of alcohol use.
This profile characterizes participants who reported the highest rate of lifetime alcohol
dependence (76.47%) and with over 50.00 % reporting the Contemplation stage of
readiness to change alcohol use. See Figure 8 for an example.
External Validity
To demonstrate external validity of the eight dynatypes of alcohol users, a set of variables,
not included in the cluster analysis but theoretically relevant to clustering variables, were
used. A series of analysis of variance (ANOVA) were used to examine differences among
dynatypes on continuous demographic and psychosocial variables, and logistic regression
was used to examine differences on categorical demographic and psychosocial variables.
Due to the non-normal distribution of frequency of drug use among participants who
reported any drug use in the 6 month time period, generalized linear mixed model (GLIMM)
with a negative binomial distribution was implemented. Significant differences among the
eight dynatypes were found on gender, marital status, frequency of drug use, lifetime
alcohol dependence, family history of alcohol use and SIP (see Table 4).
Discussion
The overarching goal of this study was to develop a typology of alcohol users. We
integrated two advanced statistical methods, time series analysis and cluster analysis, each
uniquely suited to understanding alcohol use behavior patterns over time. Examination of
longitudinal daily and cyclic patterns of alcohol use based on individual trajectories and
their application to group level data provided a new insight into the drinking behavior and its
relation to commonly used measures of quantity and frequency of alcohol consumption and
other indicators of alcohol use severity. We believe that the findings provide a scientifically
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meaningful typology of alcohol users that should be further examined in research and
clinical settings.
Time series analysis
Time series provides a unique set of statistics, the autocorrelations, compared to nomothetic
methods. In previous examples in the health sciences, the autocorrelation parameters have
tended to be positive, restricted to the first-order term, and relatively consistent across
subjects (Velicer, et al., 1992; Hoeppner, et al., 2008; Dierker et al., 2008). However, the
pattern was more complex for our examples. There was a significant variability within the
autocorrelation patterns among the 177 individuals. The first order autocorrelations observed
in our sample of alcohol users ranged from −.76 to .72, and seventh order autocorrelations
ranged from −.27 to .79.
The Set Point model was the most common, represented by a first order autocorrelation
close to zero. This characterized five of the eight Dynatypes (Dynatypes 1, 2, 3, 7, &8). This
suggests that alcohol is largely controlled by the current environment rather previous
consumption behavior. Three of the Dynatypes involved low to moderate consumption
patterns, perhaps what would be expected for this model. However, two Dynatypes involved
high rates of consumption (Dynatypes 2 and 8).
Two of the Dynatypes involved a Fixed Effect Model (5 & 6), characterized by a positive
autocorrelation indicating that current consumption is influenced by consumption on the
previous day. One of these was a moderate consumption group, and the other was a high
consumption group.
One Dynatype (4) was characterized by a Multiple Regulation Model. This model has a
negative first order autocorrelation indicating that consumption levels will be opposite of the
previous day.
The weekly cyclic pattern also occurred for four of the eight dynatypes (Dynatypes 1, 2, 7,
and 8). All dynatypes with a cyclic pattern also were best described by a Set Point Model.
This suggests that for these groups alcohol is largely under environmental or external
control, both on a daily and weekly basis.
These findings confirm that alcohol use behavior is multidimensional, based on daily as well
as cyclical (weekly) trends, with positive as well as negative autocorrelation patterns. Such
high variability within the patterns of alcohol use is indicative of different models for
alcohol regulation (Velicer, et al., 1992; Hoeppner, et al., 2008). Different patterns of
drinking based on daily and weekly cycles suggest that biological as well as environmental
and social components may play an important role in the pattern of alcohol use.
The slopes for each of the series were either not significant or significant but very small. The
low variability in the estimated slope of the series indicates that alcohol use behavior is
relatively stable over extended periods of time, which confirms Mundt’s et al. (1995)
findings.
Study Sample
The study employed data from a sample of hazardous drinkers with MDD. There is a well-
established association between hazardous drinking and MDD. In a key study examining a
large community sample, Rodgers and colleagues (2000) found that hazardous drinkers were
1.89–2.34 times more likely to exceed clinical cutoffs on measures of depressive symptoms
when compared to non-hazardous drinkers. In addition, a meta-analysis of 10 general
population studies reported that heavy drinkers were consistently more likely to be
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depressed than light drinkers (Fillmore et al., 1998). Prospective studies have demonstrated
that MDD and depressive symptoms are predictive of later hazardous drinking (e.g., Aalto-
Setala, Marttunen, Tuulio-Henriksson, Poikolainen, & Lonnqvist, 2002; Wang and Patten,
2001) and that hazardous drinking is predictive of later MDD (e.g., Brook, Brook, Zhang,
Cohen, & Whiteman, 2002; Ross, Rehm, & Walsh, 1997). Furthermore, there is some
evidence that hazardous drinking is associated with inferior depression treatment outcomes.
For example, Worthington and colleagues (1996) found that heavier baseline alcohol
consumption was significantly related to poorer response to fluoxetine in a sample of
depressed outpatients who did not abuse substances. In addition, alcohol use has been found
to play a major role in mortality among depressed patients (Moustgaard et al., 2013).
External Characteristics of the Eight Types
Dynatype 4(Multiple Regulation with High Consumption) appears to be the lowest
functioning and the most at risk group. They report the highest level of alcohol use, with a
heavy alcohol use episode followed by a day of relatively lower alcohol consumption. This
group also has a high prevalence of lifetime alcohol dependence, the highest level of drug
use, and the highest number of alcohol related problems. This group also appears to be the
lowest socially functioning group, with none of the subjects reporting being married and less
than 30% reporting full-time employment. On a positive note, this group reports the highest
readiness to change their drinking, with over 90% of subjects characterized by this profile in
the Contemplation or the Action stage.
On the basis of quantity and frequency of alcohol use, the most similar to Dynatype 4 are
Dynatype 2 (Set Point and Highly Cyclical with High Consumption) and Dynatype 8 (Set
Point and Cyclical with High Consumption). All three groups report high prevalence of
lifetime alcohol dependence. There are interesting differences in daily and cyclical patterns
of drinking behavior among these three groups. Both Dynatype 2 and 8 express a strong to
moderate weekly cyclic pattern of drinking, whereas Dynatype 4 expresses a strong daily
pattern, which may reflect an attempt to control their alcohol use by reducing their drinking
after a day of heavy drinking episode. The other two groups appear to incorporate their
alcohol consumption around an external social component.
Four groups, Dynatype 1, Dynatype 3, Dynatype 5, and Dynatype 7, reported similar
frequency and quantity of alcohol use but different drinking behavior patterns. Profiles that
express weekly cycles are less likely to be married than other profiles. While it seems that
low frequency of alcohol use is closely related to lower severity of alcohol related problems
relative to other profiles, more than 40% of the individuals characterized by these profiles
reported lifetime alcohol dependence and a fourth of them utilized treatment services for
alcohol use.
Dynatype 5 and Dynatype 6 present an interesting contrast. Both profiles present similar
patterns of first and seventh autoregressive terms, but Dynatype 6 reports more than double
the alcohol consumption of Dynatype 5. There are other differences between these two
groups that are directly related to levels of alcohol use, such as increased frequency of
lifetime alcohol dependence and utilization of alcohol treatment services among individuals
characterized by Dynatype 6. However, subjects characterized by Dynatype 5 have a higher
rate of personality disorders and are more likely to have a father with a history of alcohol
abuse.
Dynatype 3 had a very low level of alcohol use but report having a father with history of
alcohol abuse. We can speculate that having a close family member who had history of
alcohol abuse may be a protective factor, such that individuals drink less as a preventive
measure against alcohol abuse. This hypothesis is in opposition to well established genetic
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models of developing substance abuse disorders. Perhaps there is a non-linear relationship
between genetic history and substance abuse.
Implications of the Typology of Alcohol Users
The results of this study have important implications for the research and clinical area of
addictive behaviors. To date, most studies on alcohol use have been based on unrefined and
insensitive measures of alcohol consumption, which can distort the conclusions drawn from
such studies. The common methodological approach among longitudinal studies is based on
a limited number of time points and, with the data averaged across groups, provide highly
generalizable results but no information on actual drinking behavior of any of the study
participants. However, a combination of nomothetic and idiographic methodology, can
potentially advance our understanding of alcohol use behaviors.
Identification of the eight subgroups of alcohol users has the potential to further advance the
understanding of the substance use behavior and consequently improve treatment outcomes.
We have shown that temporal patterns of drinking behavior are as important in defining
subtypes of alcohol users as are quantity and frequency of alcohol use. Our findings
demonstrate that individuals with very similar quantities of alcohol consumption can have
different temporal patterns of drinking behavior. These daily and cyclic patterns of alcohol
use may be an important behavioral correlate affecting the severity of consequences
associated with drinking and may provide insight into the processes involved in the
development of alcohol abuse and dependence.
High heterogeneity within patterns of drinking can have strong clinical implications. It
appears that daily patterns of drinking play a different role in the drinking behavior than
weekly cycles, such that a strong daily negative pattern may be related to an attempt at
controlling level of substance use whereas weekly cycles are related to social and lifestyle
activities.
Tailoring treatment to specific behavior patterns that these eight dynatypes manifest could
improve the clinical outcomes and consequently allocate available resources in a more
effective fashion. We were able to show that the population of alcohol users is highly
heterogeneous and that a one-size–fits-all approach may be highly ineffective in research as
well as in clinical settings.
Limitations
This study has several limitations. First, cluster analysis is an exploratory method that serves
more to develop hypotheses rather than to test them. Therefore, it should not be used solely
as an outcome variable but more as a tool for further exploration of highly heterogeneous
populations. This analytical approach requires replication of the findings for more extensive
generalization of the results. Second, this study is based on a limited sample of ambulatory
patients whose primary diagnosis was Major Depressive Disorder and who were recruited
into the original randomized trial. Replication of the findings in a more general population
of alcohol users is necessary to confirm the results. Third, this study is based on a secondary
data analysis, and it was not powered to allow for multiple group comparison. Therefore,
external validity could be compromised by insufficient power to detect all significant
psychosocial and demographic differences among the eight profiles of alcohol users. Fourth,
the predictive validity of the identified dynatypes through longitudinal research is necessary
to better understand how individuals characterized by different patterns of alcohol use
respond to treatment and their long term prognoses. Fifth, the results rely on the primary
measure employed, Alcohol Timeline Followback. The measure involves recall assisted by a
calendar. While widely employed with good validity information, the measure is subject to
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all the problems associated with recall measures. Having alcohol consumption assessed
concurrently by a method such as telemetric monitoring (Goodwin, Velicer, & Intille, 2008)
should produce a more accurate assessment.
Conclusions
Through the innovative combination of idiographic and nomothetic methodology, we
identified eight distinct profiles of alcohol users, based on their daily and weekly patterns of
alcohol use as well as longitudinal trajectories of drinking. We demonstrated that this
population of substance users is highly heterogeneous, and commonly used measures of
quantity and frequency of alcohol use are not sensitive enough to accurately reflect the
complexity of their drinking behavior. The existence of these subtypes has implication for
both the analysis of alcohol treatment data and the design of treatments. The use of a
Hierarchical Linear Model with Dynatype as a factor nested within intervention condition is
potentially the optimal design. The examination of the external validity confirmed the
theoretical relevance of different patterns of alcohol use and their different associations with
psychosocial and demographic characteristics related to substance use. These findings show
that integration of time series analysis and cluster analysis is an effective methodological
approach to advance our understanding of the unique patterns of heterogeneity in a sample
of alcohol users.
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Highlights
• Idiographic methodology examined the longitudinal patterns of alcohol use.
• A dynamic cluster analysis was employed to identify homogenous longitudinal
patterns.
• The analysis employed 180 daily observations of alcohol use for a sample of
177.
• Eight distinct patterns of alcohol users were identified.
• The patterns may be used to design tailored interventions for problem drinkers.
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Figure 1.
Example of Dynatype 1 (N = 19): Set Point and Highly Cyclical with Moderate
Consumption
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Figure 2.
Example of Dynatype 2: (N = 20) Set Point and Highly Cyclical with High Consumption
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Figure 3.
Example of Dynatype 3 (N = 39): Set Point with Low Consumption
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Figure 4.
Example of Dynatype 4 (N = 15): Multiple Regulation with High Consumption
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Figure 5.
Example of Dynatype 5 (N = 28): Fixed Effect with Moderate Consumption
Harrington et al. Page 22
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Figure 6.
Example from Dynatype 6 (N = 14): Fixed Effect with High Consumption
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Figure 7.
Dynatype 7 (N = 25): Set Point and Moderately Cyclic with Moderate Consumption
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Figure 8.
Example from Dynatype 8 (N = 17): Set Point and Cyclic with High Consumption
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Table 1
Demographic Characteristics of the Total Sample and by MI and SC Group
Variable Total sample (N = 200) MI group (N = 99) SC group (N = 101) Test statistic
Age
M (SD) 39.42 (11.39) 39.42 (11.00) 39.42 (11.82) t (198) = −0.01
Gender
N (%)
Male 83 (41.50%) 43 (43.43%) 40 (39.60%) χ2 (1) = 0.30
Female 117 (58.50%) 56 (56.57%) 61(60.40%)
Race
N (%)
White 114 (57.00%) 53 (53.54%) 61 (60.40%) χ2 (2) = 1.32
A-A 46 (23.00%) 26 (26.26 %) 20 (19.80%)
Other 40 (20.00%) 20 (20.20 %) 20 (19.80%)
Ethnicity
N (%)
Hispanic 34 (17.00 %) 21 (21.21 %) 13 (12.87 %) χ2 (1) = 2.47
Non-Hispanic 166 (83.00 %) 78 (78.79 %) 88 (87.13%)
Education
N (%)
Less than high school 49 (24.50%) 26 (26.26%) 23 (22.77%) χ2 (4) = 1.72
HS Diploma/GED 55 (27.50%) 28 (28.28%) 27 (26.73%)
Some collage 63 (31.50%) 28 (28.28%) 35 (34.65%)
Bachelor’s Degree 19 (9.50%) 11 (11.11%) 8 (7.92%)
Other 14 (7.00%) 6 (6.06%) 8 (7.92%)
Marital Status
N (%)
Single/never married 93 (46.50%) 50 (50.51%) 43 (42.57%) χ2 (4) = 3.50
Married 36 (18.00%) 20 (20.20%) 16 (15.84%)
Separated 19 (9.50%) 7 (7.07%) 12 (11.88%)
Divorced 40 (20.00%) 17 (17.17%) 23 (22.77%)
Other 12 (6.00%) 5 (5.05%) 7 (6.93%)
Employment Pattern
N (%)
Full time 70 (35.00%) 36 (36.36%) 34 (33.66%) χ2 (4) = 1.30
Part time 33 (16.50%) 14 (14.14%) 19 (18.81%)
Retired/Disabled 37 (18.50%) 20 (20.20%) 17 (16.83%)
Unemployed 45 (22.50%) 21 (21.21%) 24 (23.76%)
Other 15 (7.50%) 8 (8.08%) 7 (6.93%)
Baseline Levels of Outcome Variables
Number of drinks consumed per day*
M (SD) 2.08 (2.25) 1.88 (2.25) 2.28 (2.24) t (198) = 1.26
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Variable Total sample (N = 200) MI group (N = 99) SC group (N = 101) Test statistic
Percentage of heavy alcohol use days*
M (SD) 18.19 (20.42) 16.08 (11.95) 20.27 (16.31) t (198) = 1.45
HAM - D
M (SD) 19.76 (9.18) 18.77 (9.34) 20.73 (8.95) t (198) = 1.52
BDI
M (SD) 26.63 (12.00) 25.48 (11.50) 27.76 (12.41) t (198) = 1.35
*
adjusted for number of days in the community
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 28
Ta
bl
e 
2
R
es
ul
t o
f T
im
e 
Se
rie
s A
na
ly
sis
 b
y 
Su
bje
ct
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
D
yn
at
yp
e 
1
46
2.
04
1.
19
*
0.
03
0.
00
9
−
0.
20
*
−
0.
17
*
0.
00
09
−
0.
03
0.
47
*
0.
00
06
47
1.
34
0.
68
*
−
0.
22
*
−
0.
14
*
−
0.
17
*
−
0.
17
*
−
0.
20
*
−
0.
1
0.
62
*
−
0.
00
00
7
48
0.
91
1.
38
*
0.
15
*
−
0.
19
*
0.
00
6
−
0.
06
−
0.
12
*
0.
06
0.
66
*
−
0.
00
4
56
0.
39
1.
97
*
−
0.
07
−
0.
18
*
−
0.
04
−
0.
06
−
0.
11
0.
07
0.
50
*
0.
00
3*
59
0.
32
0.
13
−
0.
00
4
0.
22
*
0.
20
*
0.
13
−
0.
02
−
0.
17
*
0.
50
*
0.
00
6
68
0.
99
1.
39
*
−
0.
12
0.
12
0.
06
0.
04
−
0.
04
−
0.
14
0.
51
*
−
0.
00
2
74
2.
72
2.
67
*
−
0.
25
*
−
0.
09
−
0.
09
−
0.
00
5
−
0.
16
*
−
0.
18
*
0.
48
*
−
0.
00
4*
81
4.
14
1.
16
*
−
0.
22
*
−
0.
26
*
−
0.
27
*
−
0.
21
*
−
0.
21
*
−
0.
23
*
0.
49
*
−
0.
00
01
92
0.
44
0.
1
0.
19
−
0.
19
*
0.
02
−
0.
05
−
0.
12
0.
11
0.
65
*
0.
00
5*
93
0.
29
0.
45
*
−
0.
33
*
−
0.
38
*
−
0.
38
*
−
0.
37
*
−
0.
37
*
−
0.
36
*
0.
57
*
−
0.
00
02
94
0.
15
0.
29
*
−
0.
06
−
0.
07
−
0.
06
−
0.
06
−
0.
07
−
0.
07
0.
76
*
−
0.
00
07
95
0.
47
0.
44
*
−
0.
19
*
−
0.
19
*
−
0.
20
*
−
0.
19
*
−
0.
20
*
−
0.
18
*
0.
57
*
−
0.
00
03
96
0.
87
1.
81
*
0.
04
−
0.
06
0.
05
0.
04
−
0.
04
−
0.
02
0.
68
*
−
0.
00
2
10
3
4.
1
1.
30
*
0.
09
0.
07
0.
12
*
−
0.
03
−
0.
20
*
−
0.
27
*
0.
58
*
0.
00
3
14
5
0.
78
1.
65
*
−
0.
14
*
−
0.
1
−
0.
20
*
−
0.
25
*
−
0.
14
*
−
0.
02
0.
58
*
−
0.
00
2
17
0
2.
34
1.
12
*
−
0.
06
−
0.
08
0.
05
−
0.
02
−
0.
04
−
0.
08
0.
49
*
−
0.
00
5
18
3
1.
11
1.
32
*
0.
06
−
0.
11
*
−
0.
06
−
0.
07
−
0.
08
−
0.
06
0.
74
*
−
0.
00
3
18
4
5.
89
1.
26
*
−
0.
1
−
0.
05
−
0.
04
−
0.
11
−
0.
07
0.
05
0.
46
*
−
0.
00
2
19
0
3.
24
1.
13
*
−
0.
06
−
0.
07
−
0.
02
−
0.
06
−
0.
04
−
0.
00
8
0.
48
*
0.
00
3
D
yn
at
yp
e 
2
12
1.
77
3.
69
*
−
0.
06
−
0.
08
−
0.
17
*
−
0.
12
*
−
0.
11
−
0.
09
0.
76
*
0.
00
5*
18
1.
46
4.
24
*
0.
12
0.
25
*
0.
16
*
0.
01
−
0.
16
*
−
0.
20
*
0.
46
*
−
0.
01
*
29
16
.5
5
3.
73
*
−
0.
09
−
0.
24
*
−
0.
15
*
−
0.
23
*
−
0.
19
*
−
0.
14
*
0.
57
*
0.
00
3
37
12
.0
6
5.
31
*
0.
08
−
0.
22
*
−
0.
09
−
0.
17
*
−
0.
17
*
0.
07
0.
47
*
0.
00
3
71
5.
13
2.
03
*
−
0.
21
*
−
0.
27
*
−
0.
24
*
−
0.
28
*
−
0.
24
*
−
0.
15
*
0.
53
*
−
0.
00
2
75
0.
26
1.
69
*
−
0.
28
*
−
0.
21
*
−
0.
27
*
−
0.
31
*
−
0.
24
*
−
0.
24
*
0.
69
*
0.
00
05
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 29
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
79
0.
34
4.
60
*
−
0.
08
−
0.
14
*
−
0.
20
*
−
0.
15
*
−
0.
11
*
−
0.
17
*
0.
79
*
−
0.
00
06
80
16
.8
1
2.
47
*
0.
01
0.
00
5
0.
02
−
0.
11
0.
01
0.
06
0.
49
*
−
0.
00
3
85
15
.7
6
4.
17
*
−
0.
00
2
−
0.
22
*
−
0.
14
*
−
0.
15
*
−
0.
21
*
−
0.
00
8
0.
52
*
−
0.
00
4
88
7.
6
5.
81
*
−
0.
11
*
−
0.
13
*
−
0.
12
*
−
0.
12
*
−
0.
1
−
0.
12
*
0.
78
*
−
0.
01
*
97
3.
26
2.
47
*
0.
08
−
0.
17
*
−
0.
05
−
0.
09
−
0.
19
*
0.
07
0.
58
*
−
0.
00
8*
11
1
4.
47
3.
02
*
0.
09
−
0.
14
*
−
0.
03
−
0.
16
*
−
0.
15
*
0.
08
0.
54
*
0.
00
6
11
7
13
.4
4
2.
29
*
−
0.
08
−
0.
08
−
0.
14
*
−
0.
07
−
0.
15
*
−
0.
1
0.
61
*
−
0.
00
2
11
8
1.
02
2.
83
*
−
0.
17
*
−
0.
15
*
−
0.
30
*
−
0.
07
−
0.
37
*
−
0.
00
4
0.
61
*
−
0.
00
08
13
7
6.
49
5.
53
*
−
0.
37
*
−
0.
25
*
−
0.
21
*
−
0.
28
*
−
0.
27
*
−
0.
18
*
0.
49
*
−
0.
00
4*
15
9
2.
58
1.
88
*
0.
08
−
0.
08
−
0.
08
−
0.
1
−
0.
15
*
0.
08
0.
42
*
0.
00
7*
16
4
7.
18
3.
05
*
0.
02
−
0.
27
*
−
0.
13
−
0.
13
*
−
0.
25
*
0.
00
4
0.
54
*
−
0.
00
3
16
8
0.
3
5.
83
*
−
0.
18
*
−
0.
04
−
0.
14
*
−
0.
22
*
−
0.
05
−
0.
08
0.
73
*
0.
00
1
18
2
6.
66
1.
36
*
−
0.
00
8
−
0.
12
*
−
0.
07
−
0.
11
−
0.
13
*
−
0.
04
0.
62
*
0.
00
5
19
4
1.
67
5.
16
*
−
0.
16
*
−
0.
34
*
−
0.
20
*
−
0.
28
*
−
0.
28
*
−
0.
19
*
0.
65
*
−
0.
00
7*
D
yn
at
yp
e 
3
10
1.
61
0.
75
*
−
0.
23
*
−
0.
28
*
−
0.
23
*
−
0.
29
*
−
0.
17
*
−
0.
05
0.
00
1
0.
00
1
13
1.
87
0.
66
*
−
0.
18
*
0.
08
0.
03
−
0.
04
−
0.
13
−
0.
07
−
0.
02
0.
00
3*
16
0.
6
−
0.
07
−
0.
02
0.
07
−
0.
02
−
0.
00
8
−
0.
01
−
0.
01
−
0.
01
0.
00
2
17
10
.5
1
3.
41
*
0.
02
−
0.
00
7
−
0.
09
−
0.
02
0.
06
0.
02
−
0.
13
−
0.
00
8
20
3.
26
0.
95
*
−
0.
33
*
−
0.
29
*
−
0.
25
*
−
0.
32
*
−
0.
26
*
−
0.
11
0.
06
−
0.
00
1
21
0.
89
0.
12
0.
03
−
0.
04
0.
05
−
0.
04
−
0.
07
0.
07
−
0.
06
0.
00
1
22
0.
45
0.
15
0.
00
7
−
0.
12
0.
02
0.
03
−
0.
08
−
0.
05
−
0.
08
0.
00
08
24
1.
53
0.
15
0.
04
−
0.
06
−
0.
06
−
0.
07
0.
04
−
0.
04
0.
05
0.
00
2
28
1.
23
1.
86
*
−
0.
53
*
0.
09
−
0.
07
0.
09
0.
05
0.
06
0.
00
3
−
0.
00
5*
34
2.
76
0.
48
*
−
0.
16
*
−
0.
13
−
0.
14
0.
00
2
−
0.
09
−
0.
04
0.
05
0.
00
3
53
1.
72
0.
53
*
0.
00
6
0.
1
0.
1
0.
12
−
0.
09
0.
00
05
0.
02
−
0.
00
3
61
4.
36
0.
79
*
−
0.
08
0.
09
−
0.
09
−
0.
03
−
0.
06
0.
08
0.
03
0.
00
2
69
0.
97
0.
22
0.
07
−
0.
05
−
0.
03
−
0.
03
−
0.
05
0.
07
0.
02
−
0.
00
01
73
3.
43
1.
90
*
−
0.
09
−
0.
04
−
0.
13
−
0.
15
0.
02
0.
01
−
0.
12
−
0.
00
05
89
0.
2
−
0.
07
−
0.
08
0.
17
*
−
0.
06
−
0.
12
−
0.
06
−
0.
07
−
0.
08
0.
00
2*
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 30
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
91
3.
1
0.
48
*
−
0.
12
−
0.
08
−
0.
12
−
0.
02
−
0.
12
−
0.
07
−
0.
05
0.
00
09
98
0.
43
1.
70
*
−
0.
30
*
−
0.
31
*
−
0.
13
−
0.
20
*
−
0.
03
−
0.
03
−
0.
00
6
0.
00
00
6
10
0
0.
83
0.
27
*
−
0.
05
−
0.
05
−
0.
06
0.
1
−
0.
05
−
0.
05
0.
06
−
0.
00
08
10
5
0.
61
0.
18
−
0.
06
−
0.
04
−
0.
06
−
0.
06
0.
00
5
−
0.
06
0.
12
0.
00
01
10
8
3.
03
0.
00
4
−
0.
08
−
0.
07
−
0.
09
−
0.
04
−
0.
09
0.
04
−
0.
06
0.
00
4*
10
9
1.
2
0.
02
−
0.
12
0.
14
−
0.
01
−
0.
02
0.
19
*
0.
14
−
0.
08
0.
00
4
11
6
1.
87
0.
44
*
0.
02
0.
00
06
−
0.
04
−
0.
04
−
0.
03
−
0.
02
−
0.
01
0.
00
1
12
3
2.
67
0.
72
*
−
0.
15
*
−
0.
16
*
−
0.
16
*
−
0.
16
*
−
0.
16
*
−
0.
09
−
0.
01
−
0.
00
3*
12
5
0.
5
3.
30
*
−
0.
03
0.
29
*
0.
04
0.
32
*
−
0.
01
−
0.
04
0.
07
−
0.
00
7*
13
1
7.
55
0.
87
*
−
0.
30
*
−
0.
21
*
−
0.
25
*
−
0.
27
*
−
0.
16
*
0.
08
−
0.
11
0.
00
5*
13
4
5.
52
−
0.
26
−
0.
08
−
0.
08
−
0.
06
−
0.
08
−
0.
08
−
0.
02
−
0.
08
0.
00
7*
13
5
5.
55
1.
22
*
−
0.
14
−
0.
08
−
0.
17
*
−
0.
1
−
0.
08
−
0.
01
0.
14
−
0.
00
2
13
8
1.
02
−
0.
14
−
0.
02
−
0.
11
−
0.
00
8
−
0.
03
−
0.
02
0.
03
−
0.
11
0.
00
4*
14
0
0.
63
0.
11
−
0.
02
−
0.
02
−
0.
02
−
0.
02
−
0.
02
0.
12
−
0.
02
0.
00
00
4
14
2
4.
03
0.
83
*
−
0.
03
0.
07
−
0.
03
0.
06
−
0.
03
0.
22
*
−
0.
03
−
0.
00
4
14
3
2
0.
87
*
−
0.
12
−
0.
07
−
0.
09
−
0.
1
−
0.
13
−
0.
05
−
0.
04
−
0.
00
1
15
2
3.
27
0.
85
*
−
0.
41
*
−
0.
38
*
−
0.
21
*
−
0.
21
*
−
0.
21
*
−
0.
01
0.
03
0.
00
2
16
1
10
.1
9
2.
58
*
−
0.
16
*
−
0.
07
−
0.
02
−
0.
08
−
0.
05
−
0.
16
*
−
0.
06
−
0.
00
5
16
7
8.
53
0.
31
−
0.
03
−
0.
03
−
0.
03
−
0.
03
−
0.
03
−
0.
03
−
0.
03
0.
00
2
17
1
4.
95
1.
57
*
−
0.
35
*
−
0.
23
*
−
0.
12
−
0.
19
*
−
0.
19
*
−
0.
21
*
0.
21
*
−
0.
00
04
17
2
13
.4
8
0.
9
−
0.
04
−
0.
04
−
0.
05
−
0.
07
−
0.
05
0.
07
0.
05
0.
00
02
17
9
0.
9
0.
67
*
−
0.
15
*
−
0.
18
*
−
0.
27
*
−
0.
11
−
0.
17
*
−
0.
11
0.
1
0.
00
04
18
1
0.
52
0.
34
*
−
0.
17
*
−
0.
29
*
−
0.
25
*
−
0.
26
*
−
0.
25
*
−
0.
28
*
−
0.
23
*
−
0.
00
02
18
6
0.
57
0.
37
*
0.
02
−
0.
04
0.
03
−
0.
05
−
0.
07
−
0.
05
0.
07
−
0.
00
06
D
yn
at
yp
e 
4
45
10
.0
3
2.
88
*
−
0.
29
*
0.
30
*
−
0.
00
5
0.
18
*
0.
12
0.
14
0.
09
−
0.
00
1
70
10
.9
6
4.
74
*
−
0.
65
*
−
0.
29
*
−
0.
11
0.
02
−
0.
03
−
0.
31
*
0.
20
*
0.
00
02
72
0.
05
6.
47
*
−
0.
28
*
0.
29
*
−
0.
21
*
0.
09
−
0.
07
0.
00
3
−
0.
03
0.
00
05
78
6.
97
2.
92
*
−
0.
52
*
−
0.
11
−
0.
23
*
−
0.
31
*
−
0.
13
−
0.
14
0.
16
*
0.
00
3
82
24
.6
1
1.
78
*
0.
04
−
0.
15
0.
07
−
0.
11
−
0.
05
−
0.
07
−
0.
08
0.
00
2
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 31
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
99
15
.0
5
8.
19
*
−
0.
44
*
0.
41
*
0.
43
*
0.
50
*
0.
02
−
0.
13
−
0.
05
−
0.
04
*
13
2
59
.9
5
1.
98
*
0.
05
−
0.
11
−
0.
02
0.
02
−
0.
15
*
−
0.
06
−
0.
04
0.
01
14
1
9.
62
6.
08
*
−
0.
33
*
0.
38
*
0.
1
0.
23
*
−
0.
01
0.
26
*
0.
23
*
−
0.
02
15
0
21
.5
2
5.
11
*
−
0.
37
*
−
0.
51
*
−
0.
42
*
−
0.
41
*
−
0.
53
*
−
0.
31
*
0.
09
0.
00
1
17
6
38
.4
3
4.
43
*
−
0.
13
−
0.
15
−
0.
17
*
−
0.
07
−
0.
11
0.
21
*
0.
06
−
0.
02
*
18
0
18
.0
7
3.
33
*
−
0.
38
*
0.
16
0.
05
0.
03
0.
09
0.
06
0.
19
*
0.
00
4
18
9
0.
82
7.
70
*
−
0.
04
0.
07
−
0.
37
*
−
0.
36
*
0.
07
−
0.
08
0.
12
0.
00
03
19
6
13
.7
5
1.
33
*
−
0.
16
*
−
0.
14
−
0.
09
0.
21
*
−
0.
02
0.
00
8
0.
09
0.
02
*
19
7
11
.5
6
3.
55
*
−
0.
25
*
0.
01
−
0.
17
*
−
0.
17
*
−
0.
02
−
0.
17
*
0.
22
*
−
0.
00
2
19
9
0.
13
4.
94
*
−
0.
76
*
−
0.
94
*
−
0.
99
*
−
0.
79
*
−
1.
14
*
−
0.
57
*
−
0.
27
*
−
0.
00
00
6
D
yn
at
yp
e 
5
1
7.
35
0.
56
0.
29
*
0.
01
−
0.
11
−
0.
00
2
−
0.
06
0.
20
*
−
0.
01
0.
00
4
2
2.
86
0.
93
*
0.
04
−
0.
16
*
−
0.
09
−
0.
09
−
0.
13
0.
06
0.
17
*
−
0.
00
3
5
0.
8
1.
44
*
0.
04
0.
22
*
0.
06
0.
1
−
0.
03
0.
19
*
0.
18
*
−
0.
00
1
6
1.
68
0.
75
*
0.
18
*
0.
09
−
0.
14
−
0.
08
0.
03
−
0.
00
8
−
0.
05
−
0.
00
3
9
0.
7
0.
21
0.
06
0.
04
−
0.
06
−
0.
06
−
0.
1
−
0.
03
0.
14
0.
00
1
25
3.
91
−
0.
62
0.
18
*
0.
17
*
−
0.
13
0.
05
−
0.
08
0.
31
*
0.
03
0.
02
30
1.
61
0.
88
*
0.
28
*
0.
14
−
0.
05
−
0.
11
0.
02
0.
1
−
0.
04
−
0.
00
4
32
0.
51
0.
08
0.
22
*
−
0.
07
−
0.
00
06
−
0.
02
−
0.
01
−
0.
01
−
0.
02
0.
00
03
41
3.
83
0.
61
*
0.
36
*
−
0.
21
*
−
0.
02
−
0.
09
−
0.
11
−
0.
02
−
0.
00
5
0.
00
3
42
3.
27
1.
13
*
0.
16
*
0.
08
−
0.
08
0.
00
7
0.
12
−
0.
01
0.
15
−
0.
00
4
54
3.
06
0.
09
0.
70
*
0.
00
5
−
0.
08
0.
14
−
0.
30
*
0.
15
−
0.
03
0.
00
6
55
5.
25
2.
14
*
0.
42
*
0.
24
*
0.
06
0.
02
−
0.
13
−
0.
09
0.
06
−
0.
00
8
57
0.
91
1.
12
*
0.
45
*
−
0.
03
0.
00
5
−
0.
03
−
0.
1
0.
11
0.
15
*
−
0.
00
1
67
3.
14
0.
97
*
0.
33
*
−
0.
11
−
0.
17
*
0.
02
−
0.
1
−
0.
04
0.
06
0.
00
06
86
5.
04
1.
08
*
0.
19
*
−
0.
09
−
0.
00
7
0.
05
0.
09
−
0.
05
0.
17
*
−
0.
00
1
10
1
7.
24
3.
86
*
0.
16
*
0.
23
*
0.
06
0.
05
0.
1
0.
06
0.
03
−
0.
02
12
1
1.
71
0.
64
0.
34
*
0.
18
*
0.
09
0.
04
−
0.
00
5
−
0.
05
−
0.
11
−
0.
00
3
12
8
3
−
0.
07
0.
17
*
−
0.
00
4
−
0.
09
−
0.
09
0.
06
0.
01
0.
05
0.
00
6*
12
9
2.
73
0.
76
*
0.
08
−
0.
01
−
0.
08
−
0.
11
−
0.
07
0.
1
0.
17
*
0.
00
00
7
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 32
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
13
3
1.
14
0.
34
0.
20
*
0.
09
0.
00
3
−
0.
07
−
0.
03
−
0.
02
−
0.
04
−
0.
00
08
14
4
0.
44
0.
19
0.
22
*
−
0.
07
−
0.
00
9
−
0.
02
−
0.
05
0.
12
−
0.
08
−
0.
00
08
14
6
1.
36
0.
49
*
0.
39
*
0.
03
−
0.
20
*
0.
05
0.
01
−
0.
07
0.
03
−
0.
00
05
14
7
14
.1
6
2.
18
*
0.
46
*
−
0.
17
*
0.
04
0.
02
−
0.
06
−
0.
03
−
0.
1
−
0.
00
6
15
6
7.
48
−
0.
36
0.
20
*
0.
06
−
0.
04
−
0.
12
−
0.
09
0.
20
*
−
0.
18
*
0.
01
*
16
5
9.
06
0.
75
0.
22
*
0.
21
*
0.
1
−
0.
02
−
0.
05
−
0.
00
2
0.
02
0.
00
5
17
4
0.
7
0.
09
0.
12
−
0.
08
−
0.
1
0.
15
−
0.
17
*
0.
12
0.
16
0.
00
2
18
5
1.
19
0.
36
0.
12
0.
04
0.
03
−
0.
13
0.
06
0.
05
0.
07
0.
00
5*
19
3
2.
48
−
0.
32
0.
57
*
−
0.
07
−
0.
18
*
0.
1
−
0.
08
−
0.
00
2
0.
04
0.
00
8*
D
yn
at
yp
e 
6
19
1.
38
2.
15
*
0.
52
*
−
0.
22
*
−
0.
05
−
0.
08
−
0.
04
0.
24
*
0.
25
*
−
0.
00
07
27
0.
94
3.
30
*
0.
25
*
0.
31
*
−
0.
02
0.
13
0.
06
0.
09
−
0.
06
−
0.
00
2
52
2.
73
2.
03
*
0.
38
*
−
0.
25
*
−
0.
03
−
0.
03
−
0.
20
*
0.
22
*
0.
22
*
0.
00
3
60
5.
62
1.
76
*
0.
1
−
0.
14
−
0.
07
−
0.
13
−
0.
01
−
0.
00
06
0.
19
*
−
0.
00
4
66
0.
36
1.
78
*
0.
72
*
0.
31
*
0.
34
*
−
0.
17
−
0.
37
*
−
0.
29
*
0.
30
*
0.
00
5
77
20
.8
8
2.
98
*
0.
1
0.
06
−
0.
13
−
0.
17
*
−
0.
04
0.
05
0.
16
*
0.
00
6
10
7
5.
13
2.
48
*
0.
1
−
0.
23
*
−
0.
19
*
0.
16
*
−
0.
36
*
0.
12
0.
21
*
−
0.
01
*
11
5
33
.4
8
1.
19
0.
08
−
0.
05
−
0.
04
−
0.
04
0.
08
−
0.
1
0.
12
0.
00
9
12
2
8.
4
3.
85
*
0.
26
*
0.
36
*
−
0.
1
0.
06
−
0.
19
*
0.
17
*
0.
09
−
0.
00
9
13
0
9.
8
2.
38
*
0.
34
*
−
0.
23
*
0.
02
0.
02
−
0.
18
*
0.
09
0.
22
*
−
0.
00
8
15
8
3.
39
2.
77
*
0.
23
*
0.
18
*
0.
08
0.
15
−
0.
15
0.
03
−
0.
01
−
0.
00
01
16
0
28
.5
5
2.
58
*
0.
24
*
−
0.
04
−
0.
09
−
0.
07
−
0.
07
−
0.
06
−
0.
02
−
0.
00
7
19
8
9.
31
1.
77
0.
46
*
0.
21
*
0.
06
0.
00
7
−
0.
08
−
0.
13
0.
17
*
0.
00
02
20
1
8.
17
3.
50
*
0.
09
0.
43
*
−
0.
21
*
0.
36
*
−
0.
17
*
−
0.
06
0.
24
*
−
0.
00
6
D
yn
at
yp
e 
7
4
0.
92
1.
51
*
0.
16
*
0.
21
*
−
0.
00
9
0.
07
0.
11
−
0.
13
0.
29
*
−
0.
00
5
8
1.
7
0.
6*
−
0.
05
−
0.
09
−
0.
15
−
0.
17
*
−
0.
07
0.
1
0.
22
*
0.
00
08
11
1.
1
0.
85
*
0.
25
*
0.
06
−
0.
17
*
0.
16
*
−
0.
14
0.
20
*
0.
27
*
0.
00
3
14
0.
53
−
0.
02
−
0.
15
*
−
0.
11
−
0.
12
−
0.
12
−
0.
12
0.
11
0.
27
*
0.
00
2*
26
1.
86
0.
22
0.
17
*
0.
03
−
0.
07
−
0.
03
−
0.
06
0.
07
0.
26
*
0.
00
2
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 33
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
38
1.
08
0.
2
0.
34
*
−
0.
05
0.
07
−
0.
09
−
0.
12
2
0.
13
0.
35
*
0.
01
*
39
2.
86
1.
93
*
0.
22
*
0.
00
6
−
0.
13
−
0.
1
0.
03
0.
08
0.
29
*
0.
00
3
40
4.
48
1.
62
*
−
0.
07
−
0.
16
*
−
0.
18
*
−
0.
14
−
0.
18
*
−
0.
04
0.
32
*
−
0.
00
7*
76
0.
35
0.
84
*
0.
21
*
−
0.
24
*
−
0.
13
−
0.
15
−
0.
15
0.
11
0.
27
*
−
0.
00
3*
83
0.
77
0.
36
*
−
0.
11
−
0.
04
−
0.
11
−
0.
05
−
0.
04
−
0.
03
0.
22
*
−
0.
00
08
90
0.
83
0.
07
0.
36
*
−
0.
1
0.
02
−
0.
16
0.
02
−
0.
17
0.
46
*
0.
00
4
10
2
0.
77
−
0.
18
0.
26
*
−
0.
20
*
0.
04
−
0.
04
−
0.
1
0.
12
0.
55
*
0.
00
7*
11
2
0.
73
0.
80
*
0.
21
*
0.
05
−
0.
06
−
0.
00
5
−
0.
14
*
0.
27
*
0.
46
*
0.
00
4
11
4
0.
75
1.
35
*
0.
23
*
−
0.
02
−
0.
22
*
−
0.
1
0.
1
−
0.
07
0.
54
*
−
0.
00
03
12
4
4.
47
0.
86
*
−
0.
01
−
0.
1
0.
02
−
0.
09
0.
02
0.
06
0.
38
*
0.
00
02
12
6
6.
15
1.
50
*
0.
21
*
−
0.
1
0.
01
−
0.
13
0.
08
−
0.
02
0.
29
*
−
0.
00
3
12
7
7.
12
1.
36
−
0.
00
9
0.
43
*
−
0.
15
0.
15
−
0.
04
0.
19
*
0.
23
*
0.
00
4
13
6
2.
46
1.
46
*
0.
32
*
−
0.
08
−
0.
03
−
0.
05
−
0.
07
0.
12
0.
39
*
−
0.
00
2
14
8
1.
17
0.
11
0.
04
0.
06
0.
02
0.
17
*
−
0.
01
−
0.
16
*
0.
32
*
0.
00
4
15
1
1.
4
0.
84
*
−
0.
13
−
0.
03
−
0.
27
*
−
0.
22
*
0.
03
−
0.
19
*
0.
34
*
0.
00
1
15
4
1.
31
0.
86
*
0.
19
*
−
0.
18
*
−
0.
02
−
0.
8
−
0.
12
0.
07
0.
37
*
0.
00
2
16
3
1.
23
1.
61
*
0.
26
*
−
0.
11
0.
25
*
−
0.
1
−
0.
22
*
−
0.
09
0.
41
*
−
0.
00
4
17
5
8.
92
1.
09
*
−
0.
01
0.
00
07
0.
02
−
0.
02
−
0.
14
−
0.
00
06
0.
31
*
0.
00
1
17
8
4.
49
0.
09
−
0.
06
0.
07
−
0.
06
−
0.
05
−
0.
04
−
0.
06
0.
42
*
0.
00
6
19
5
3.
38
0.
70
*
0.
05
−
0.
02
−
0.
08
−
0.
1
−
0.
04
−
0.
04
0.
36
*
0.
00
2
D
yn
at
yp
e 
8
3
3.
76
3.
1*
0.
00
9
−
0.
07
−
0.
22
*
−
0.
20
*
−
0.
25
*
0.
04
0.
22
*
0.
00
1
15
22
.0
6
5.
20
*
0.
33
*
−
0.
03
−
0.
07
−
0.
05
−
0.
00
7
0.
15
*
0.
41
*
−
0.
01
23
6.
08
2.
45
*
−
0.
18
*
0.
04
−
0.
03
0.
00
2
−
0.
00
3
0.
09
0.
37
*
−
0.
00
7
36
22
.3
1
3.
69
*
−
0.
05
−
0.
08
−
0.
06
−
0.
00
03
0.
1
−
0.
12
0.
32
*
0.
00
1
49
1.
71
3.
60
*
0.
37
*
−
0.
14
0.
1
0.
00
4
−
0.
16
*
0.
18
*
0.
51
*
0.
00
2
50
6.
09
0.
78
0.
17
*
−
0.
18
*
−
0.
07
−
0.
06
−
0.
05
−
0.
07
0.
53
*
0.
01
*
58
6.
11
4.
12
*
−
0.
05
0.
00
8
−
0.
03
−
0.
15
*
−
0.
07
−
0.
11
0.
28
*
−
0.
02
*
62
11
.5
2.
77
*
−
0.
02
−
0.
23
*
−
0.
16
*
−
0.
21
*
−
0.
15
*
0.
01
0.
42
*
0.
00
02
64
8.
93
3.
09
*
−
0.
07
−
0.
17
*
−
0.
08
−
0.
04
−
0.
12
0.
13
0.
31
*
−
0.
00
3
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 34
Pa
rt
ic
ip
an
t I
D
TS
A
 M
od
el
Ti
m
e 
se
ri
es
 a
na
ly
sis
 (T
SA
) p
ar
am
ete
rs
Er
ro
r 
σ2
M
u
A
R
1
A
R
2
A
R
3
A
R
4
A
R
5
A
R
6
A
R
7
Sl
op
e
10
6
4.
48
3.
98
*
0.
17
*
0.
01
−
0.
07
−
0.
1
0.
00
8
0.
13
0.
32
*
−
0.
01
*
11
3
25
.6
4
4.
25
*
0.
18
*
−
0.
33
*
−
0.
08
−
0.
20
*
−
0.
15
0.
08
0.
30
*
−
0.
00
09
11
9
0.
97
4.
67
*
−
0.
00
7
0.
03
−
0.
01
0.
04
0.
08
0.
02
0.
42
*
−
0.
01
*
12
0
20
.6
3
4.
66
*
0.
16
*
−
0.
15
*
0.
12
−
0.
18
*
−
0.
1
−
0.
02
0.
41
*
−
0.
00
3
14
9
7.
19
1.
64
0.
18
*
0.
41
*
0.
14
−
0.
00
3
0.
05
−
0.
40
*
0.
23
*
0.
00
6
15
3
6.
95
1.
84
*
0.
03
0.
09
0.
08
−
0.
01
−
0.
1
−
0.
05
0.
27
*
0.
01
*
18
7
11
.4
6
3.
07
*
−
0.
15
*
−
0.
14
−
0.
1
−
0.
07
−
0.
13
−
0.
05
0.
42
*
−
0.
00
06
19
1
35
.2
9.
55
*
0.
24
*
−
0.
31
*
−
0.
06
−
0.
11
−
0.
26
*
0.
13
0.
36
*
−
0.
00
7
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 35
Ta
bl
e 
3
D
yn
at
yp
e 
ch
ar
ac
te
ris
tic
s b
as
ed
 o
n 
au
to
re
gr
es
siv
e 
te
rm
s a
nd
 a
lc
oh
ol
 u
se
To
ta
l s
am
pl
e 
(N
=
 1
77
)
C
lu
st
er
 1
C
lu
st
er
 2
C
lu
st
er
 3
C
lu
st
er
 4
D
yn
at
yp
e 
1 
(N
 =
19
)
D
yn
at
yp
e 
2 
(N
=
 2
0)
D
yn
at
yp
e 
3 
(N
 =
39
)
D
yn
at
yp
e 
4 
(N
 =
15
)
D
yn
at
yp
e 
5 
(N
=
 2
8)
D
yn
at
yp
e 
6 
(N
 =
14
)
D
yn
at
yp
e 
7 
(N
=
 2
5)
D
yn
at
yp
e 
8 
(N
 =
17
)
1s
t O
rd
er
 A
ut
oc
or
re
la
tio
n
M
−
0.
07
−
0.
07
−
0.
11
−
0.
30
0.
26
0.
28
0.
12
0.
08
R
an
ge
 (m
in.
, m
ax
.)
−
0.
33
, 0
.1
9
−
0.
37
, 0
.1
2
−
0.
53
, 0
.0
7
−
0.
76
, 0
.0
5
0.
04
, 0
.7
0
0.
08
, 0
.7
2
−
0.
15
, 0
.3
6
−
0.
18
, 0
.3
7
7t
h 
O
rd
er
 A
ut
oc
or
re
la
tio
n
M
0.
57
0.
59
−
0.
00
9
0.
07
0.
04
0.
15
0.
34
0.
36
R
an
ge
 (m
in.
, m
ax
.)
0.
46
, 0
.7
6
0.
42
, 0
.7
9
−
0.
23
, 0
.2
1
−
0.
27
, 0
.2
3
−
0.
18
, 0
.1
8
−
0.
06
, 0
.3
0
0.
22
, 0
.5
5
0.
22
, 0
.5
3
N
um
be
r o
f D
rin
ki
ng
 D
ay
s
 
M
 (S
D)
65
.6
2 
(50
.39
)
65
.5
3 
(45
.08
)
10
3.
75
 (5
9.1
2)
41
.4
4 
(44
.76
)
86
.9
3 
(52
.17
)
36
.7
9 
(31
.46
)
84
.0
7 
(45
.13
)
52
.7
2 
(32
.44
)
10
8.
76
 (4
2.2
2)
To
ta
l N
um
be
r o
f D
rin
ks
 
M
 (S
D)
32
1.
19
 (2
78
.59
)
20
3.
05
 (1
04
.01
)
61
3 
(23
9.0
3)
14
1.
79
 (1
21
.22
)
72
3.
33
 (2
80
.47
)
13
4.
96
 (7
6.9
4)
41
1.
71
 (1
16
.63
)
16
7.
48
 (8
3.0
6)
62
4.
88
 (2
87
.63
)
A
ve
ra
ge
 N
um
be
r o
f D
rin
ks
 p
er
 D
rin
ki
ng
 D
ay
 
M
 (S
D)
5.
41
 (3
.26
)
3.
67
 (1
.72
)
7.
31
 (3
.44
)
4.
46
 (2
.61
)
9.
8 
(3.
69
)
4.
78
 (2
.70
)
5.
98
 (2
.87
)
3.
69
 (1
.86
)
6.
47
 (3
.52
)
N
um
be
r o
f H
ea
vy
 D
rin
ki
ng
 D
ay
s (
≥ 5
 fo
r m
en
, ≥
 4 
for
 w
om
en
)
 
M
 (S
D)
29
.9
 (3
3.0
7)
17
.3
7 
(19
.15
)
58
.5
5 
(33
.37
)
10
.9
5 
(14
.42
)
80
.3
3 
(47
.07
)
13
.2
1 
(8.
85
)
39
.7
1 
(25
.67
)
11
.5
2 
(11
.35
)
55
.5
9 
(26
.93
)
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 36
Ta
bl
e 
4
Ex
te
rn
al
 v
al
id
ity
 o
f a
lc
oh
ol
 u
se
rs
 ty
po
lo
gy
To
ta
l s
am
pl
e
D
yn
at
yp
e 
1
D
yn
at
yp
e 
2
D
yn
at
yp
e 
3
D
yn
at
yp
e 
4
D
yn
at
yp
e 
5
D
yn
at
yp
e 
6
D
yn
at
yp
e 
7
D
yn
at
yp
e 
8
Te
st 
sta
tis
tic
s
D
em
og
ra
ph
ic
 c
ha
ra
ct
er
ist
ic
s
A
ge
 M
 (S
D)
39
.5
7 
(11
.13
)
39
.4
7 
(10
.22
)
43
.0
5 
(10
.35
)
39
.3
8 
(10
.65
)
39
.6
0 
(10
.99
)
39
.8
9 
(12
.91
)
42
.0
7 
(13
.50
)
35
.8
0 
(10
.99
)
38
.9
4 
(9.
42
)
F(
7, 
16
9) 
= 0
.80
Fe
m
al
e 
N
 (%
)
10
9 
(61
.58
)
17
 (8
9.4
7)
6 
(30
.00
)
25
 (6
4.1
0)
6 
(40
.00
)
22
 (7
8.5
7)
8 
(57
.14
)
17
 (6
8.0
0)
8 
(47
.06
)
χ2
(7)
 = 
20
.25
*
M
ar
rie
d 
N
 (%
)a
34
 (1
9.2
1)
1 
(5.
26
)
0
12
 (3
0.7
7)
0
7 
(25
.00
)
5 
(35
.71
)
4 
(16
.00
)
5 
(29
.41
)
χ2
(7)
 = 
18
.43
*
H
isp
an
ic
 N
 (%
)a
27
 (1
5.2
5)
4 
(21
.05
)
0
5 
(12
.82
)
1 
(6.
67
)
8 
(28
.57
)
2 
(14
.29
)
2 
(8.
00
)
5 
(29
.41
)
χ2
(7)
 = 
12
.63
R
ac
e 
N
 (%
)
 
W
hi
te
10
3 
(58
.19
)
11
 (5
7.8
9)
13
 (6
5.0
0)
21
 (5
3.8
5)
9 
(60
.00
)
15
 (5
3.5
7)
6 
(42
.86
)
18
 (7
2.0
0)
10
 (5
8.8
2)
χ2
(7)
 = 
3.5
9
 
B
la
ck
39
 (2
2.0
3)
5 
(26
.32
)
6 
(30
.00
)
7 
(17
.95
)
1 
(6.
67
)
9 
(32
.14
)
6 
(42
.86
)
2 
(8.
00
)
3 
(17
.65
)
 
O
th
er
35
 (1
9.7
7)
3 
(15
.79
)
1 
(5.
00
)
11
 (2
8.2
1)
5 
(33
.33
)
4 
(14
.29
)
2 
(14
.29
)
5 
(20
.00
)
4 
(23
.53
)
Ed
uc
at
io
n 
Le
ve
l N
 (%
)
 
H
S 
di
pl
om
a 
or
 le
ss
91
 (5
4.1
7)
8 
(44
.44
)
11
 (5
5.0
0)
21
 (6
0.0
0)
8 
(53
.33
)
16
 (5
9.2
6)
10
 (7
6.9
2)
9 
(39
.13
)
8 
(47
.06
)
χ2
(7)
 = 
6.2
9
 
So
m
e 
co
lle
ge
 o
r m
or
e
77
 (4
5.8
3)
10
 (5
5.5
6)
9 
(45
.00
)
14
 (4
0.0
0)
7 
(46
.67
)
11
 (4
0.7
4)
3 
(23
.08
)
14
 (6
0.8
7)
9 
(52
.94
)
Em
pl
oy
m
en
t N
 (%
)
 
Fu
ll-
tim
e
65
 (3
6.7
2)
8 
(42
.11
)
8 
(40
.00
)
14
 (3
5.9
0)
4 
(26
.67
)
8 
(28
.57
)
5 
(35
.71
)
10
 (4
0.0
0)
8 
(47
.06
)
χ2
(7)
 = 
2.7
4
 
U
ne
m
pl
oy
ed
/D
isa
bl
ed
/R
et
ire
d
71
 (4
0.1
1)
5 
(26
.32
)
8 
(40
.00
)
17
 (4
3.5
9)
9 
(60
.00
)
12
 (4
2.8
6)
7 
(50
.00
)
6 
(24
.00
)
7 
(41
.18
)
 
O
th
er
41
 (2
3.1
6)
6 
(31
.58
)
4 
(20
.00
)
8 
(20
.51
)
2 
(13
.33
)
8 
(28
.57
)
2 
(14
.29
)
9 
(36
.00
)
2 
(11
.76
)
Ps
yc
ho
so
ci
al
 C
ha
ra
ct
er
ist
ic
s
D
ru
g 
U
se
rs
 
N
 (%
)
81
 (4
5.7
6)
7 
(36
.84
)
10
 (5
0.0
0)
18
 (4
6.1
5)
8 
(53
.33
)
11
 (3
9.2
9)
9 
(64
.29
)
11
 (4
4.0
0)
7 
(41
.18
)
χ2
(7)
 = 
3.5
8
N
um
be
r o
f D
ru
g 
U
se
 D
ay
sb
 
M
 (S
D)
47
.3
1 
(60
.81
)
31
.0
0 
(25
.70
)
68
.9
0 
(71
.07
)
40
.1
1 
(56
.49
)
86
.3
8 
(73
.48
)
50
.0
9 
(67
.56
)
63
.0
0 
(75
.72
)
11
.6
4 
(14
.04
)
38
.1
4 
(63
.67
)
F(
7, 
73
) =
 2.
36
*
SC
ID
 N
 (%
)
 
Pe
rs
on
al
ity
 d
iso
rd
er
61
 (3
4.4
6)
10
 (5
2.6
3)
7 
(35
.00
)
9 
(23
.08
)
5 
(33
.33
)
9 
(32
.14
)
1 
(7.
14
)
12
 (4
8.0
0)
5 
(29
.41
)
χ2
(7)
 = 
7.2
7
 
A
lc
oh
ol
 d
ep
en
de
nc
e 
(li
fet
im
e)
88
 (4
9.7
2)
8 
(42
.11
)
13
 (6
5.0
0)
16
 (4
1.0
3)
11
 (7
3.3
3)
7 
(25
.00
)
9 
(64
.29
)
11
 (4
4.0
0)
13
 (7
6.4
7)
χ2
(7)
 = 
18
.49
*
H
A
M
 
M
 (S
D)
19
.5
3 
(9.
20
)
19
.7
9 
(9.
65
)
21
.2
0 
(8.
84
)
18
.4
1 
(10
.39
)
21
.2
7 
(8.
08
)
18
.2
1 
(9.
85
)
22
.3
6 
(8.
49
)
17
.2
4 
(7.
66
)
21
.5
3 
(8.
78
)
F(
7,1
69
) =
 0.
86
SI
P
Addict Behav. Author manuscript; available in PMC 2015 March 01.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Harrington et al. Page 37
To
ta
l s
am
pl
e
D
yn
at
yp
e 
1
D
yn
at
yp
e 
2
D
yn
at
yp
e 
3
D
yn
at
yp
e 
4
D
yn
at
yp
e 
5
D
yn
at
yp
e 
6
D
yn
at
yp
e 
7
D
yn
at
yp
e 
8
Te
st 
sta
tis
tic
s
 
M
 (S
D)
5.
44
 (4
.35
)
4.
26
 (4
.09
)
5.
05
 (4
.64
)
4.
77
 (4
.00
)
9.
47
 (4
.29
)
4.
36
 (3
.87
)
5.
71
 (3
.81
)
5.
36
 (3
.91
)
6.
82
 (5
.23
)
F(
7,1
69
) =
 2.
89
*
Fa
th
er
 a
 P
ro
bl
em
 D
rin
ke
r
 
N
 (%
)
57
 (3
2.2
0)
5 
(26
.32
)
5 
(25
.00
)
22
 (5
6.4
1)
5 
(33
.33
)
11
 (3
9.2
9)
3 
(21
.43
)
3 
(12
.00
)
3 
(17
.65
 )
χ2
(7)
 = 
78
.23
*
Tr
ea
tm
en
t S
er
vi
ce
s f
or
 A
lc
oh
ol
 U
se
 
N
 (%
)
48
 (2
7.1
2)
1 
(5.
26
)
4 
(20
.00
)
9 
(23
.08
)
7 
(46
.67
)
7 
(25
.00
)
8 
(57
.14
)
8 
(32
.00
)
4 
(23
.53
)
χ2
(7)
 = 
12
.74
R
ea
di
ne
ss
 to
 C
ha
ng
e 
N
 (%
)
 
Pr
ec
on
te
m
pl
at
io
n
47
 (2
6.5
5)
6 
(31
.58
)
5 
(25
.00
)
13
 (3
3.3
3)
1 
(6.
67
)
12
 (4
2.8
6)
2 
(14
.29
)
5 
(20
.00
)
3 
(17
.65
)
 
Co
nt
em
pl
at
io
n
66
 (3
7.2
9)
4 
(21
.05
)
9 
(45
.00
)
14
 (3
5.9
0)
7 
(46
.67
)
5 
(17
.86
)
5 
(35
.71
)
12
 (4
8.0
0)
10
 (5
8.8
2)
χ2
(7)
 = 
5.3
5
 
A
ct
io
n
64
 (3
6.1
6)
9 
(47
.37
)
6 
(30
.00
)
12
 (3
0.7
7)
7 
(46
.67
)
11
 (3
9.2
9)
7 
(50
.00
)
8 
(32
.00
)
4 
(23
.53
)
*
p 
< 
.0
5
a
Fi
sh
er
’s
 e
xa
ct
 te
st
b B
as
ed
 o
n 
pa
rti
ci
pa
nt
 w
ho
 re
po
rte
d 
dr
ug
 u
se
Addict Behav. Author manuscript; available in PMC 2015 March 01.
